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1 . Title of the Invention 

LIQUID CYRSTAL DISPLAY DEVICE AND MANUFACTURING 
METHOD THEREOF 

2. Scope of the Claims 

(1) A liquid crystal display device characterized in that a liquid crystal is filled 
between a couple of electrode boards with the medium of an alignment film that has 
unevenness in the shape of a grating by the irradiation of 2 beam interference fringe of a 
laser ray on the surface, and pillar-shaped spacers are arranged in the area excluding a 
pitch portion and a switching device. 

(2) The liquid crystal display device according to Claim 1, characterized in that 
a color filter is arranged on the surface of one of the electrode boards. 

(3) The liquid crystal display device according to Claim 2, characterized in that 
a transparent conductive layer is formed on the entire surface of the color filter. 

(4) The liquid crystal display device according to Claim 2, characterized in that 
the transparent conductive layer on the color filter is connected to the switching device 
and becomes independent, corresponding to the pitch. 

(5) A manufacturing method of a liquid crystal display device characterized in 
comprising a process of forming a pillar-shaped insulating layer in the area excluding 
the pitch portion and the switching device on the surface of either one of the electrode 
boards, when manufacturing a liquid crystal display device formed by filling a liquid 
crystal between a couple of electrode boards with the medium of an alignment film that 
has unevenness in the shape of a grating by the irradiation of 2 beam interference fringe 
of a laser lay on the surface 
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(6) The manufacturing method of a liquid crystal display device according to 
Claim 5, characterized in that the pillar-shaped insulating layer is a photosensitive 
polyimide resin. 

(7) The manufacturing method of a liquid crystal display device according to 
Claim 6, characterized in that the pillar-shaped insulating layer is formed by the process 
of coating a polyimide resin soluble in a developer solution of a photosensitive resin, 
the process of coating a photosensitive resin, the process of selective exposure, and the 
process of developing said photosensitive resin. 

(8) The manufacturing method of a liquid crystal display device according to 
Claim 5, characterized in that a color filter is formed on the surface of either one of the 
electrode boards before the formation of the pillar-shaped insulating layer. 

(9) The manufacturing method of a liquid crystal display device according to 
Claim 8, characterized in that a transparent conductive layer is formed on the color filter. 

(10) The manufacturing method of a liquid crystal display device according to 
Claim 8, characterized by comprising a process of forming an opening portion in the 
color filter, a process of forming a transparent conductive layer corresponding to a pitch 
on the color filter. 

3. Detailed Explanation of the Invention 
Industrially Applicable Field 

The present invention relates to a liquid crystal display device for displaying a 
letter or a picture, and a manufacturing method thereof. Especially, the present 
invention provides a liquid crystal display device having a structure wherein a function 
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of improving the precision of the thickness of the liquid crystal cell is given to the 
surface of the electrode board by a new method, and a manufacturing method thereof. 
Structure of the Conventional Embodiment and Problems thereof 
In the basic constitution of the liquid crystal display device, a polarizer is 
combined with a panel wherein a liquid crystal is filled between a couple of electrode 
boards. The shade of a light passing through the liquid crystal display device is 
controlled by the differential in the birefringence between the liquid crystal molecules 
aligned in the early stage, and the liquid crystal molecules realigned with the voltage 
being applied thereto. To make an early alignment of the liquid crystal, a series of 
treatments called an alignment treatment are made on the inner wall of the panel that the 
liquid crystal contacts. 

One example of the alignment treatment is, for example, to coat a polyimide 
resin thinly (approximately in a thickness of more or less 0. 1 [im), harden the polyimide 

resin by heating it in the temperature of more than 200 °C, and rube the hardened resin 

with a nylon or vinyl fiber in a uniform direction several times, which is called a 
rubbing method of an alignment treatment. 

In the rubbing method, the quality of an organic alignment film, the hardening 
condition, the quality of a rubbing fiber, the structure of a fiber, and the pressure, 
relative speed and number of rubbing are combined and experimented to obtain 
empirically optimal conditions. However, the rubbing method has many defects that 
the fallen off rubbing fiber, refuse, or dust incurs defects or abnormal scratches on the 
surface of the alignment film, when the surface of the alignment film is mechanically 
rubbed, and the alignment capacity is changed and irregular alignment is incurred as the 
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number of usage of the rubbing fiber increases, because the rubbing fiber does not have 
sufficient durability. 

Also, the electrode board of the liquid crystal panel for displaying a picture, on 
which switching devices like thin film transistors respectively corresponding to a 
plurality of pitches are constituted, always has unevenness on the surface. In the 
alignment by the rubbing method, alignment mottles occur near the step height of the 
unevenness, and the greater the step height is, the more obvious the mottles become. 
Also, the number of cases where the electrification caused by the rubbing incurs the 
electrostatic breakdown of the switching device or other devices is not small. 

And, it is a matter to be considered that there is a great restriction that no 
chemical treatment can be made on the surface of the alignment film after the alignment 
treatment is completed. The alignment treatment by rubbing is almost certainly 
removed not only by the cleansing by use of organic solvents but also cleansing by use 
of water only, and the early alignment of liquid crystal molecules cannot be realized. 
A treatment to the extent that fibers fallen off from the rubbing cloth is blown by the 
abrasive blasting of a dry nitrogen gas can be added, at the most. 

Such a great restraint becomes a largest obstacle in controlling precisely or 
optionally controlling the thickness of the liquid crystal cell. In the process of 
injecting a liquid crystal into the liquid crystal cell, the space constituted by a couple of 
electrode boards is decompressed by the combined use of a seal material. The liquid 
crystal is injected simultaneously with the cancellation of the decompression. Under 
reduced pressure, a couple of electrode boards are drawn near to each other by the 
atmospheric pressure, being pressed and bent. Therefore, a certain amount of spacers 
are required between electrode boards. When a proper amount of spacers exist, the 
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electrode boards are prevented from being drawn near to each other excessively, and the 
precision of the thickness of the gap of the liquid crystal cell is secured. 

However, as described above, after the alignment treatment by nibbing is 
completed, no chemical treatment is allowed. Therefore, there is no way of controlling 
the gap thickness other than scattering spacers in a suitable shape on one of the 
electrode boards. In a simple liquid crystal panel like the liquid crystal panel, on 
which there is only a transparent electrode, there exist only 0.1 Jim of step height on the 
electrode board at the most. Therefore, considerably high-precision gap thickness is 
realized by scattering insulating balls or fibers, whose particles have suitable diameters. 

However, in a liquid crystal panel, in which switching devices like thin film 
transistors are built into the electrode board, generally more than 1 [im of step height 
exists. Therefore, when spacer materials are scattered in order to control the gap 
thickness, the spacer material located at the highest position of the electrode board 
contributes to the controlling of the gap thickness. The spacer material located at the 
lower position of the electrode board drifts among the liquid crystal between a couple of 
electrode boards and does not play any role in the state of being assembled to the panel. 
The higher position on the electrode board is an area where a switching device, a 
scanning line or a signal line exists. If the spacer material is on such an area, a certain 
degree of pressure will be given to those parts through the spacer material. Especially, 
if an extreme pressure is given to the switching device, the leakage current considerably 
increases. Then, to facilitate dispersion of the pressure, a large amount of spacer 
materials should be scattered, and spacer materials floating superfluously lowers the 
optical amount of the liquid crystal cell. 
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A fiber is used as a spacer to avoid the concentration of the pressure, but it is 
impossible to prepare a plurality of fibers having diameters of optional values. 
Object of the Invention 

The object of the present invention is to remove the defects of the conventional 
alignment film and adjusting method of the gap thickness, and to provide a liquid 
crystal display panel having an alignment film, on which an alignment treatment is 
made by a new method, and a pillar-shaped spacer that does not affect the alignment 
film, and a manufacturing method thereof Another object of the present invention is 
to provide a panel structure that achieves an optional gap thickness. 

Constitution of the Invention 

The present invention has a novelty in that it does not form traces, which is 
small in the size of the atom or the molecule, on the surface of the alignment film like in 
the conventional rubbing method, but forms a shallow recess on the surface of the 
alignment film by the two beam interference fringe of the laser ray. The present 
invention has an inventive step in that it forms a pillar-shaped spacer without breaking 
down the shallow recess. Embodiments of the present invention will be explained 
with reference with the drawings on below. 

Explanations of the Embodiments 

Fig. 1 is a schematic diagram of a liquid crystal display panel according to the 
present invention. A liquid crystal (5) is filled between a lower electrode board (2) 
having a transparent electrode (1) corresponding to a plurality of pixels and the other 
electrode board (4) having a transparent electrode (3) on the whole surface, with a seal 
(6) sealing up the circumference thereof. This liquid crystal cell (7) is inserted 
between two polarizers (8 and 9) and constitutes a transmission-type liquid crystal 
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display device or panel (1 1) for displaying a picture as a whole, by using an external 
light or adding a plane light source body (10) in any way. 

To make an early alignment of the liquid crystal (5), an alignment film is coated 
on the side of the electrode plane of the lower electrode plate (2) and on the side of the 
electrode surface of the other electrode board (4), and an alignment treatment is required. 
However, the present invention does not use a rubbing method, but uses a two beam 
interference fringe of a laser ray. And an embodiment of the present invention 
wherein a polyimide resin is used in the alignment film, and a photosensitive resin is 
used as an alignment treatment material will be explained. 

A polyimide resin (12) is thinly (0.1 -0.2 \m) coated on said electrode board (2 
and 4) and is hardened by being heated in a temperature of more than 200 °C. Then, a 
positive photosensitive resin (13), for example, AZ-1350 of the Sitplay Company, is 
thinly (0.1-0.2 ftm) coated, and pre-baked. Then, as illustrated in Fig. 2, the two beam 
interference infringe of the laser ray is irradiated. The beam coming out of the laser 
ray (15) goes into the condenser (18) through the reflectors (16,17), passes through a 
pinhole (19), and becomes a parallel beam having a broadened luminous flux through a 
collimator lens. Then, the parallel beam is reflected by the reflector (21), is divided in 
the beam-splitter (22), is reflected by the reflectors (23 and 24), and goes into the 
photosensitive resin (13) coated on the electrode board (2(4)). The two beams of the 
laser parallel light that are divided in two parts incurs interference in a space near this 
sample, and produces interference in the shape of a slit on the surface of the sample. 
Fig. 2 illustrates a case where the optic axes of the two beams going into the surface of 
the sample are at an equal angle against the normal of the sample surface. Fig. 3 
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illustrates the distribution of the light intensity on the sample surface and the sectional 
pattern obtained after the development of the photosensitive resin. The sectional 
pattern forms a grating (fretwork) (13') in the shape of unevenness, corresponding to the 
distribution of the light intensity. Then, a polyimide resin pattern (12') having 
unevenness in the shape of a grating as illustrated in Fig. 4 is obtained by performing a 
post-baking, removing the photosensitive resin pattern in the 0 2 plasma, for example, 
and etching the polyimide resin, according to needs. 

It is desirable that the grating pitch is small to increase the degree of the 
alignment of the liquid crystal. However, grating having a pitch of 0.2 p and a depth 

of 500 ~* 1000A shows good alignment, experimentally. He-Cd laser, X = 441 A is used 
as a light source of the laser. However, it is easy to make the pitch small by using a 
laser having a shorter wave length or changing the incident angle of the two beams. 

Also, if the two beams go into the surface of the sample, with the angle 
between their optical axes and the sample surface being a sloping angle, the sectional 
pattern of the photosensitive resin formed on the sample surface comes to have the 
shape of the teeth of a saw. Therefore, it is possible to make the sectional pattern of 
the polyamide resin have the shape of teeth of a saw. Even if the sectional pattern of 
the photosensitive resin is not in the shape of the teeth of a saw, it is easy to make the 
sectional pattern of the polyimide resin have the shape of the teeth of a saw by adopting 
an oriented RJBE (Reactive Ion Beam Etching) in the etching of the polyimide resin. 
It effectively gives directivity to the displaying capacity of the liquid crystal display 
device, or prevents partial mottles in the shading by a reverse tilt, to make the sectional 
pattern of the polyimide reins, which becomes an alignment film, have asymmetry. 
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The introduction of a pillar-shaped spacer, which is another main point of the 
present invention, will be explained. Fig. 5 is a plane figure of the electrode board (2), 
in which a thin film transistor, a signal line (25), and a scanning line (26) are formed, 
corresponding to a plurality of pitch electrodes (1). The thin film transistor consists of 
a gate that doubles as a scanning line (26), a source (drain) that doubles as a signal line 
(26), and a drain (source) (27). The drain (27) and the pitch electrode (1) are 
connected through an opening portion (28) formed in the gate insulting layer (31). 
And reference number 29 is a semiconductor in the shape of an island. 

As described above, to avoid deteriorating the displaying capacity of a liquid 
crystal, and avoid influencing the operation of the thin film transistor, the optimal 
arrangement place of the pillar-shaped spacer (30) is the place including the scanning 
line (26) or the signal line (25). This is because these patterns are generally formed in 
an almost flat base between pitches in a width of more than 5 Jim, and it is easy to make 
the height of the pillar-shaped spacer (30) be more than 5 |im. Also, needless to say, 
the height of the pillar-shaped spacer (30) is set up (1) to be higher than the highest 
position on the electrode board, and (2) to make the distance between the plane, on 
which the liquid crystal contacts the electrode board (2), and the plane, on which one 
electrode contacts the liquid crystal on the electrode board (4), be the gap thickness. 
Also, even though it is not illustrated, it is needless to say that an alignment film (12') is 
formed by the irradiation of the two beam interference of the laser ray on the electrode 
board (1). Fig. 6 is a perspective view. 

Although it is a method of forming a pillar-shaped spacer, as explained above, 
since an alignment film (12') of a polyimide resin is formed in the present invention, a 
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sufficient hardening treatment is made, and it is selectively formed by the coating, 
exposure and development of a photosensitive polyimide, for example Photonis UR- 
3100, a product of Toray Company. Otherwise, in the combination of the positive 
photosensitive resin and SP-910, when the photosensitive resin is developed, the pattern 
of the polyimide resin SP-910 is simultaneously output. Therefore, a pillar-shaped 
spacer of SP 910 is formed by removing the positive photosensitive resin with organic 
solvents like IPA or MEK after development. The alignment film (12') consisting of a 
hardened polyamide resin is not melted, and the composition thereof is not changed in 
these series of chemical treatments. Therefore, after the formation of the pillar-shaped 
spacer (30), the pillar-shaped spacer (30) is hardened through a heating treatment in the 
temperature of over 200°C, and thereby the electrode board of the liquid crystal display 
device of the present invention is completed. The alignment film (12') is additionally 
hardened, but is not changed physically or chemically by such a hardening. 

An optional value in the range of 0.1 - 19 p can be selected to be the height of 
the pillar-shaped spacer by adjusting the viscosity of said polyimide resin or the 
revolution per minute at the time of the spin coating. Also, the number of the pillar- 
shaped spacers is properly reduced, without the need to arrange them in each pitch. 

Also, it is possible to install the pillar-shaped spacer (30) on the other electrode 
board (4) having a transparent layer (3) and an alignment film (12') formed on the 
whole surface of the main surface thereof, instead of the electrode board (2) having a 
plurality of pitch electrodes (1) arranged thereon . However, in such a case, aligning is 
required for the spacers to be adhered to the couple of boards (2 and 4) in the 
assembling of the liquid crystal cell (7). 
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A color filter is required to colorize the liquid crystal display device described 
above, and the color filter is arranged in the space consisting of an electrode board (2), a 
liquid crystal (5) and an electrode board (4), in order to prevent spread of the optical 
path difference by the thickness of the electrode board. Other embodiments of the 
present invention are constituted according to the arrangement of the color filter, and the 
color filter is arranged on: 

(a) an electrode board (2) having a plurality of pitches and switching devices 
thereon; or 

(b) an electrode board (4) having a transparent electrode on the whole surface 

thereof 

And, a transparent conductive layer and an alignment film are naturally formed 
on the color filter, to prevent the voltage applied to the liquid crystal layer (6) from 
being lowered by the intervention of the color filter. And in the case of (a), a means 
for connecting the transparent electrode formed on the color filter and the switching 
device through the opening portion formed in the color filter is provided. The pillar- 
shaped spacer can be easily formed in any cases of (a) and (b), and if a color filter is 
introduced, aligning with a couple of electrode boards (2 and 4) is necessarily required. 

Also, the material of the electrode board should have transparency and 
insulating property. For example, a glass is suitable as a material of the electrode 
board, but quartz or a resin is used according to method of forming the switching device. 
The switching device is not limited to be a MIS transistor. 

Effects of the Invention 

As described above, the present invention provides a liquid crystal display 
device having good display quality, wherein the alignment treatment is performed by a 
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photfabrication technique, and thus various defects or abnormal scratches on the surface, 
which are the problems caused by the conventional mechanical rubbing of the surface, 
do not occur, and uniform alignment quality having small macroscopic and microscopic 
mottles of the alignment can be obtained. Also, there is no worry over the electrostatic 
breakdown of the device. 

Also, the present invention can precisely establish the thickness of the liquid 
crystal layer without damaging displaying quality, and thus can easily maintain color 
purity, when colorized. 

4. Brief Explanation of the Drawings 

Fig. 1 is an exploded view of the liquid crystal display device of the present 
invention. 

Fig. 2 is a system view of the two beam interference device of a laser ray. 
Fig. 3 is a sectional view of the electrode board given the irradiation of the two 
beam interference. 

Fig. 4 is a sectional view of the alignment film according to the present 
invention. 

Figs. 5 and 6 are a plane figure of main parts and a perspective view of the 
liquid display device according to the present invention. 

Explanation of Reference Numerals> 

1 : a pitch electrode 2, 4 : an electrode board 

3 : a transparent conductive layer 5 : a liquid crystal 

7 : a liquid crystal cell 8, 9 : a polarizer 
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12, 12' : a polyimide resin 
15 : a light source of a laser 
26 : a canning line 



13, 13' : a photosensitive resin 

25 : a signal line 

30 : a pillar-shaped spacer 
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